A investigação química do extrato bruto obtido a partir do meio de crescimento do actinomiceto Streptomyces acrimycini isolado de sedimentos marinhos levou ao isolamento de dois dipeptídeos: a 8-amino-[1,4]diazonano-2,5-diona (1) e leucil-4-hidroxiprolina (3). Os compostos foram isolados a partir do seu meio de crescimento por uma série de etapas cromatográficas e identificados pela análise de seus dados espectroscópicos. O esqueleto macrocíclico da 8-amino-[1,4]diazonano-2,5-diona foi descrito apenas uma vez nas marinobactinas, sideróforos isolados a partir de uma bactéria marinha do gênero Marinobacter.
Introduction
Marine microorganisms constitute the latest and yet poorly explored source of new biologically active secondary metabolites, mainly because it is assumed that marine microbiology is still a starting research field, and that microbiology methods should be improved in order to enable the isolation and growing of marine microorganisms in artificial media. 1, 2 We have recently started a program aimed to investigate the secondary metabolites of marinederived microbial strains. 3 Several fungi and bacteria were isolated from sediments, algae and invertebrates, and were grown in different media in order to evaluate their production of secondary metabolites. Crude extracts obtained from the culture media were subjected to different chemical and biological screenings. Based on 1 H NMR analysis, the crude extract of the actinomycete Streptomyces acrimycini was selected for a chemical investigation. We report here the isolation and structure determination of two new dipeptide metabolites isolated from S. acrimycini: 8-amino- [1, 4] diazonane-2,5-dione (1) and leucyl-4-hydroxyproline (3).
Experimental
General experimental procedures IR spectra were recorded on a FT-IR Bomem MB102 infrared spectrometer. NMR spectra were run either on a 6-amino- [1, 4] 1 H and 13 C NMR data: see Table 1 . N-acetyltyramine (4) . Glassy solid. Spectroscopic data in agreement with literature values. 
Results and Discussion
Streptomyces acrimycini was grown in 10 x 1L erlenmeyer flasks, each one containing 500 mL of enriched marine broth (see Experimental), during 10 days at 180 rpm and 27 o C. Chromatography of the organic crude extract on Sephadex LH-20 (MeOH) yielded several fractions which were further purified by reversed phase chromatography (µBondapak C 18 , MeOH-H 2 O 3:7). The dipeptide 8-amino- [1, 4] 2) coupled with two carbonyl carbons at δ 169.9 (C-3) and 164.4 (C-9). We first considered that the structure of this compound corresponded to the diketopiperazine cyclo[Gly-Orn] (2). 4 However, analysis of the NMR data in DMSO-d 6 disfavoured this hypothesis, since a 1 H coupling in the 1 H-1 H COSY spectrum between CH 2 -5 at δ 3.53 with the NH-4 amide exchangeable proton at δ 8.10 was observed. Additionally, both CH 2 -5 at δ 3.53 and NH-4 proton at δ 8.10 showed long-range couplings to the carbonyl group at δ 169.9. Therefore, in order to account for the NMR data obtained in DMSO-d 6 , the structure should have a lactam group including the ornithine δ-amino group and the glycine acid group, corresponding to 8-amino- [1, 4] diazonane-2,5-dione (1). We have been unable to establish the stereochemistry of the ornithine residue in 1 due to the small amount of compound isolated. To the best of our knowledge, the structure of 1 is totally unprecedent among dipeptides. A related macrocyclic dipeptide has been recently reported as part of the macrobactins, a group of amphiphillic siderophores recently isolated from Marinobacter sp. 5, 6 The second dipeptide isolated from S. acrimycini was the linear leucyl-4-hydroxyproline (3), isolated in a mixture with N-acetyltyramine (4). Due to the small quantity of the mixture (~1 mg), we have not attempted to separate both compounds in order to avoid any loss of material. Since we have been also able to isolate a pure sample of 4, 7 we could analyse the MS and NMR data of 3 and 4, in order to assign the H COSY spectrum, which showed sequencial couplings from H-5 (δ 4.38) to H-4a (δ 1.93) and H-4b (δ 2.02), from these two hydrogens to H-3 (δ 4.27), which was in turn coupled with both H-2a (δ 3.21, overlapped by the H 2 O signal in DMSO-d 6 ) and H-2b (δ 3.47). Since the spectra were obtained in DMSO-d 6 , we have been able to observe a vicinal coupling between H-3 and the hydroxyl proton at δ 5.08 (d, J 3 Hz). Further support to the 4-hydroxyproline moiety of 3 was obtained by analysis of the gHMBC spectrum, which showed couplings between H-5 and C-4 (δ 36.6), between H-5 and the carbonyl group C-6 at δ 166.6, between H-3 and C-5 (δ 57.1), between H-4b and C-2 (δ 53.7) as well as between H-4b and C-3 (δ 67.0), between H-4a and C-5, and finally between H-2a and C-3. The amide bond between the two amino acid residues was established as the carbonyl group C-6, which chemical shift at δ 166.6 typically resonates at a higher field than the carbonyl group chemical shift of a free carboxylic acid group. Additionally, analysis of the gHMBC spectrum showed long-range couplings between the exchangeable amide N-H proton at δ 7.98 and C-6 (δ 166.6), between the N-H proton and C-5 of 4-hydroxyproline (δ 57.1), as well as between H-8 of leucine (δ 4.04) and C-6 of 4-hydroxyproline. Analysis of the gHMQC, -at m/z 243.13476 (calcd. 243.13448, ∆mu +2.8), confirming the molecular formula C 11 H 20 N 2 O 4 for 3. Since we obtained only a tiny amount of this mixture, no attempt has been made in order to further purify the dipeptide leucyl-4-hydroxyproline (3), and the stereochemistry of the stereogenic centers were not determined. To the best of our knowledge, this is the first report on the identification of the linear dipeptide leucyl-4-hydroxyproline (3) . No chemical investigation of the S. acrimycini secondary metabolites has been previously reported, but only genetic and morphological descriptions. [8] [9] [10] [11] Although there is abundant literature data about dipeptides isolated from microbial sources, 12, 16 their true origin remains controversial. Some authors suggest that dipeptides are fermentation artifacts, generated by hydrolysis of proteins present in the growth media. 16, 17 However, several dipeptides isolated from microorganisms display relevant biological activities. 14, 15 Recently, it has been demonstrated that several dipeptides present an important role as chemical mediators of bacterial quorumsensing signalling systems. 19 The isolation of unusual metabolites from the previously unstudied marine-derived S. acrimycini reinforce the importance of continuing studies on marine microbiology and on marine microorganisms secondary metabolism.
